The New German Highway Capacity Manual (HBS 2015)  by Lemke, Kerstin
doi: 10.1016/j.trpro.2016.06.003 


7KHQHZ*HUPDQ+LJKZD\&DSDFLW\0DQXDO
+%6
.HUVWLQ/HPNH
)HGHUDO+LJKZD\5HVHDUFK,QVWLWXWH%$6W%HUJLVFK*ODGEDFK*HUPDQ\
OHPNH#EDVWGH
 
 
 

$EVWUDFW 
:LWK WKH LQWURGXFWLRQ RI WKH *HUPDQ +LJKZD\ &DSDFLW\ 0DQXDO +%6 LQ -DQXDU\  )*69
DOOPHWKRGVIRUWKHHYDOXDWLRQRIWKHSHUIRUPDQFHRIKLJKZD\IDFLOLWLHVZHUHIRUWKHILUVWWLPH
LQ *HUPDQ\ VLPXOWDQHRXVO\ XSGDWHG DQG FRQVROLGDWHG LQ D VLQJOH ZRUN IROORZLQJ WKH LGHDV RI WKH
$PHULFDQ+LJKZD\&DSDFLW\0DQXDO+&07KLVSDSHUJLYHVDQRYHUYLHZRIWKHQHZHGLWLRQ
RI WKH*HUPDQ+%6DQGGHVFULEHV WKHFKDQJHVDV IRUH[DPSOH WKHDGGLWLRQRI FKDSWHUV IRU IUHHZD\
UXUDOURDGVDQGPDMRUXUEDQVWUHHWIDFLOLWLHVFRPSULVLQJVHJPHQWVDQGLQWHUVHFWLRQV

.H\ZRUGV&DSDFLW\$QDO\VLV/HYHORI6HUYLFH&RQFHSWV3UHOLPLQDU\(QJLQHHULQJ
 6WDQGLQJRIWKH+%6LQ*HUPDQ\
,Q *HUPDQ\ LQ WKH SDVW WKH HYDOXDWLRQ RI WKH SHUIRUPDQFH RI KLJKZD\ IDFLOLWLHV ZDV EDVHG RQ
PHWKRGV WKDWZHUH VHWRXW LQDQXPEHURIGLIIHUHQW WHFKQLFDO UHJXODWLRQVDQG WKXV UHIOHFWHGGLIIHUHQW
VWDWHVRI WKHDUW:LWKWKHLQWURGXFWLRQRI WKH*HUPDQ+LJKZD\&DSDFLW\0DQXDO+DQGEXFKIUGLH
%HPHVVXQJYRQ6WUDHQYHUNHKUVDQODJHQ+%6LQ-DQXDU\)*69DOOPHWKRGVZHUHIRU
WKHILUVW WLPHLQ*HUPDQ\VLPXOWDQHRXVO\XSGDWHGDQGFRQVROLGDWHGLQDVLQJOHZRUN)ROORZLQJ WKH
FRQFHSWVRIWKH$PHULFDQ+LJKZD\&DSDFLW\0DQXDO+&0WKH+%6UDWHVWKHOHYHORIVHUYLFH/26
XVLQJVL[/26IURP$WR)
7KHEDVLVIRUWKHILUVWPDQXDOIRUPHGWKHUHVHDUFKUHSRUWIURP%ULORQ*URPDQQ%ODQNH
ZKLFKDOWKRXJKQRWDSSURYHGE\DQ\FRPPLWWHHZDVXVHGE\SUDFWLWLRQHUVIRUSURMHFWGHVLJQ%HLQJ
DZDUHRI WKHSUDFWLFDOQHHGVD FRPPLWWHHZDVVHWXSZLWKLQ WKH)RUVFKXQJVJHVHOOVFKDIW IU6WUDHQ
XQG9HUNHKUVZHVHQ)*695RDGDQG7UDQVSRUWDWLRQ5HVHDUFK$VVRFLDWLRQWKH*HUPDQFRXQWHUSDUW
RIWKH7UDQVSRUWDWLRQUHVHDUFK%RDUG75%,QWKH)*69UHSUHVHQWDWLYHVRIWKHIHGHUDOJRYHUQPHQW
WKHIHGHUDOVWDWHVDQGORFDODXWKRULWLHVLQVWLWXWLRQVRIKLJKHUHGXFDWLRQDQGHQJLQHHULQJFRQVXOWDQFLHV
ZRUN LQ DQ XQSDLG FDSDFLW\ RQ VHWV RI UHJXODWLRQV DQG WHFKQLFDO VWDQGDUGV LQ WKH ILHOGRI URDGV DQG
WUDQVSRUWDWLRQ 7KLV UHVSRQVLEOH FRPPLWWHH ILQDOO\ DSSURYHG WKH ILUVW *HUPDQ +LJKZD\ &DSDFLW\
0DQXDOLQ
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,Q WKH ODVWGHFDGH WKH+%6EHFDPHRQHRI WKHPRVWVXFFHVVIXOJXLGHOLQHV IURP)*69,WVPDLQ
DSSOLFDWLRQOLHVDWWKH VWDJHRISODQQLQJDQGSUHOLPLQDU\HQJLQHHULQJ LQWKH ILHOGRIGHVLJQDSSURYDO
DQVZHULQJ WKH TXHVWLRQ LI WKH GHVLJQ RI D IXWXUH RU UHEXLOW IDFLOLW\ ZLOO EH DEOH WR FRSH ZLWK WKH
H[SHFWHGGHPDQGZLWKLQDQDFFHSWDEOH/267KHDSSOLFDWLRQRIWKH+%6LVPDQGDWRU\IRUDQ\SURMHFW
ZLWKLQWKHIHGHUDOIUHHZD\DQGIHGHUDOKLJKZD\QHWZRUN7KHUHIRUHWKH)HGHUDO0LQLVWU\RI7UDQVSRUW
DV ZHOO DV WKH VXEVHTXHQW )HGHUDO +LJKZD\ 5HVHDUFK ,QVWLWXWH %$6W FORVHO\ FRRSHUDWHV ZLWK WKH
)*69FRPPLWWHHVZKHUH WHFKQLFDO VWDQGDUGVDQGJXLGHOLQHVDUHGHYHORSHGZKLFK FDQEHDSSOLHGRQ
IHGHUDO WUXQN URDGV 7KLV XVXDOO\ DSSOLHV IRU VRFDOOHG VW FDWHJRU\ UHJXODWLRQV 5 :KHQ VXFK D
JXLGHOLQHKDVEHLQJGUDIWHGWKH)HGHUDO0LQLVWU\RI7UDQVSRUWVHQGVWKHGUDIWIRUFRPPHQWVWRWKH
IHGHUDO VWDWHV%XQGHVOlQGHUZKLFKRQEHKDOIRIDQG ILQDQFHGE\ WKH IHGHUDOJRYHUQPHQWFRQVWUXFW
PDLQWDLQDQGPDQDJHWKHIHGHUDOWUXQNURDGQHWZRUN$IWHUZDUGVWKHGUDIWRIWKHJXLGHOLQHLVUHYLVHG
FRQVLGHULQJWKHUHPDUNVDQGFRPPHQWVIURPWKHIHGHUDOVWDWHVLIQHFHVVDU\RUDSSURSULDWHDQGILQDOO\
DSSURYHG E\ WKH UHVSRQVLEOH FRPPLWWHH7KH DGRSWLRQ E\ WKH)HGHUDO0LQLVWU\ RI7UDQVSRUW IRU WKH
IHGHUDO WUXQN URDGV LV DFFRPSOLVKHG E\ D VRFDOOHG $OOJHPHLQHV 5XQGVFKUHLEHQ 6WUDHQEDX $56
*HQHUDO &LUFXODU5RDG &RQVWUXFWLRQ ZKLFK LV D NLQG RI OHWWHU WR WKH IHGHUDO VWDWHV DVNLQJ WKHP WR
DSSO\ WKH FRUUHVSRQGLQJ JXLGHOLQH 7KH  HGLWLRQ RI WKH +%6 HJ ZDV LQWURGXFHG E\$561R
7KH$56LVXVXDOO\LQWHJUDWHGRQJUHHQSDJHVLQWRWKHFRUUHVSRQGLQJJXLGHOLQHULJKWDIWHUWKH
WLWOH7KHUHIRUHWKHWHFKQLFDOJXLGHOLQHDQGWKHFRPPLWPHQWRIWKH)HGHUDO0LQLVWU\RI7UDQVSRUWIRUP
DXQLW)XUWKHUPRUHWKHIHGHUDOPLQLVWU\XVXDOO\UHFRPPHQGVWKHDSSOLFDWLRQRIWKHJXLGHOLQHWRRWKHU
URDGDXWKRULWLHVDQGWKHURDGQHWZRUNLQWKHLUUHVSRQVLELOLW\VXFKDVIHGHUDOVWDWHDQGGLVWULFWURDGV
'HVSLWH ORQJWHUPSROLWLFDO GLVFXVVLRQV XS WRQRZ WKHUH LV QR IHGHUDO KLJKZD\DGPLQLVWUDWLRQ LQ
*HUPDQ\ $IWHU WKH *HUPDQ UHXQLILFDWLRQ LQ  WKH 'HXWVFKH (LQKHLW )HUQVWUDHQSODQXQJV
XQG EDX *PE+ '(*(6 *HUPDQ 8QLW\ PRWRUZD\ SODQQLQJ DQG FRQVWUXFWLRQ FRPSDQ\ ZDV
IRXQGHGLQZLWKWKHWDVNWRVXSSRUWWKHQHZHDVWHUQIHGHUDOVWDWHVLQUHFRQVWUXFWLQJWKHLUIHGHUDO
IUHHZD\ QHWZRUN DV TXLFNO\ DV SRVVLEOH'(*(6 QRZDGD\V VHUYHV DV FHQWUDO SODQQLQJ GHVLJQ DQG
FRQVWUXFWLRQVHUYLFHSURYLGHUIRUQRWRQO\WKHILYHQHZIHGHUDOVWDWHVEXWIRUDWRWDORIIHGHUDOVWDWHV
LQ*HUPDQ\ZKLFKDUHVKDUHKROGHUVRIWKH'(*(6,QRUGHUWRIXQGFRQVWUXFWLRQZRUNVLQWKHIHGHUDO
WUXQNURDGQHWZRUNDKHDY\JRRGVYHKLFOHV+*9WROOV\VWHPZDVLQWURGXFHGLQ7KH9HUNHKUV
LQIUDVWUXNWXUILQDQ]LHUXQJVJHVHOOVFKDIW PE+ 9,)* $VVRFLDWLRQ IRU 7UDQVSRUW ,QIUDVWUXFWXUH
)LQDQFLQJ/WGZDVIRXQGHGWRFUHDWHDQLQVWLWXWLRQDOIUDPHZRUNIRUWKHFROOHFWLRQDQGDOORFDWLRQRI
WKHWUXFNWROO,WQRZDOVRVHUYHVWRPDQDJH3XEOLF3ULYDWH3DUWQHUVKLSV333SURMHFWV
7KHKLJKO\HIILFLHQW*HUPDQWUXQNURDGQHWZRUNFXUUHQWO\FRPSULVHVDURXQGNPRIIHGHUDO
IUHHZD\VDQGDOPRVWNPRIIHGHUDOKLJKZD\VPDNLQJLWRQHRIWKHGHQVHVWWUXQNURDGQHWZRUNV
LQ (XURSH 7RJHWKHU ZLWK  NP RI IHGHUDO VWDWH DQG DOPRVW  NP RI GLVWULFW URDGV WKH
KLJKZD\QHWZRUNRILQWHUVWDWHWUDIILFFRPSULVHVDWRWDORINP,QWKHDYHUDJHGDLO\WUDIILF
$'7RQIHGHUDOIUHHZD\VZDVPRWRUYHKLFOHVKZLWKDQ+*9VKDUHRIDURXQG2Q
IHGHUDOKLJKZD\VRXWVLGHEXLOWXSDUHDVWKH$'7ZDVDURXQGPRWRUYHKLFOHVKZLWKDQ+*9
VKDUHRIDURXQG
 3ULQFLSOHVRI+%6
7KHILUVWHGLWLRQRIWKH+%6KDVEHHQIXQGDPHQWDOO\UHYLVHGDQGH[WHQGHGZLWKLQWKH)*69E\WKH
KLJKZD\ FDSDFLW\ DQG TXDOLW\ RI VHUYLFH FRPPLWWHH . $ WRWDO RI  ZRUNLQJ JURXSV KDYH EHHQ
IRUPHG WR DGGUHVV WKH YDULRXV WKHPDWLF DUHDV ZLWKLQ WKH +%6 ZLWK HDFK JURXS GHYHORSLQJ GUDIW
FKDSWHUV7KHUHYLVLRQZDVEDVHGRQWKHOHVVRQVOHDUQHGVRIDULQWKHDSSOLFDWLRQRIWKHFXUUHQW+%6
DQGQXPHURXVUHVHDUFKSURMHFWVWKDWKDYHVLQFHEHHQFRQFOXGHGRUDUHVWLOORQJRLQJVHHUHIHUHQFHV
7KLVPDGHLWSRVVLEOHWRILOOQXPHURXVJDSVLQWKHFXUUHQW+%6UHJDUGLQJPLVVLQJFURVVVHFWLRQVDQG
LQWHUVHFWLRQW\SHV
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
7KH+%6IROORZVWKH LGHDRI WKH$PHULFDQ+LJKZD\&DSDFLW\0DQXDO+&07KHREMHFWLYHRI
WKH+%6 LV WR IDFLOLWDWHDQDVVHVVPHQW±FRPSDUDEOH IRUGLIIHUHQW W\SHVRIKLJKZD\ IDFLOLW\±RI WKH
WUDIILFIORZIURPWKHSHUVSHFWLYHRIWKHXVHU/LNHWKH$PHULFDQ+&0WKH+%6UDWHVWKH/26XVLQJ
VL[JUDGHV±$WR)7KHFDSDFLW\RIDQ\JLYHQIDFLOLW\LVLQJHQHUDORQWKHERUGHUOLQHEHWZHHQJUDGHV(
DQG ) 7KH +%6 LWVHOI GRHV QRW VWLSXODWH D JUDGH WR EH DLPHG DW 7KLV LV WKH UHVSRQVLELOLW\ RI WKH
DXWKRULW\ UHVSRQVLEOH IRU FRQVWUXFWLRQ DQG PDLQWHQDQFH )RU WKH IHGHUDO WUXQN URDGV WKH )HGHUDO
0LQLVWU\ RI7UDQVSRUW IL[HGZLWK$561R  %09%6  IRU WKH  HGLWLRQ DQGZLWK
$561R%09,IRUWKHHGLWLRQWKDWIDFLOLWLHVVKRXOGEHGHVLJQHGWRJUDGH',ID
JUDGHVLJQLILFDQWO\EHWWHUWKDQ'LVLGHQWLILHGWKHDVVHVVPHQWPXVWDOVRH[SODLQZK\JUDGH'FDQQRWEH
DFKLHYHGZLWKDVPDOOHUIDFLOLW\
)RU DOO PRWRU WUDIILF IDFLOLWLHV WKH DVVHVVPHQW LV SHUIRUPHG IRU D WUDIILF GHPDQG GHHPHG WR EH
DXWKRULWDWLYHLQWKHIRUPRIDQKRXUO\WUDIILFYROXPH:LWK WKHLQWURGXFWLRQRIWKH+%6LQWKH
FRQFHSWRIWKHQWKKLJKHVWKRXUZDVLQWURGXFHGIRUWKHILUVWWLPHIRUDOOGHVLJQPHWKRGV7KLVDFFHSWV
WKDW WKH KLJKZD\ IDFLOLW\PD\ EH FRQJHVWHG IRU XS WR Q KRXUV RI D \HDU DQG IRU WKLV UHDVRQ WKH
GHVLUHG/26FDQQRWEHDFKLHYHG,QWKHFDVHRIWKHORZHUWUDIILFGHPDQGGXULQJWKHRWKHUKRXUVRQWKH
RWKHUKDQGWKHKLJKZD\IDFLOLW\LVQRWFRQJHVWHGDQGRSHUDWHVDWOHDVWDWWKH/26UHTXLUHG7KH+%6
LWVHOIGRHVQRWVWLSXODWHZKLFKKRXULVWREHFKRVHQDVWKHGHVLJQKRXU+HUHWRRWKHGHFLVLRQLVWDNHQ
E\ WKHDXWKRULW\ UHVSRQVLEOH IRUFRQVWUXFWLRQ DQGPDLQWHQDQFH$VD VHWRI WHFKQLFDO UHJXODWLRQV WKH
+%6RQO\SURYLGHVWKHWRRONLWIRUWKHDVVHVVPHQW:LWKLQWKHILUVWHGLWLRQRIWKH+%6IRUWKHIHGHUDO
WUXQNURDGVWKH)HGHUDO0LQLVWU\RI7UDQVSRUWGHILQHGWKHWKKLJKHVWKRXURIWKH\HDUDVGHVLJQKRXU
$561R%09%6EHFDXVHWKHWUDIILFYROXPHRIWKHWKKRXUZDVZHOOWDEXODWHGLQ
*HUPDQWUDIILFVWDWLVWLFV+RZHYHUIRUWKHHGLWLRQDVOLJKWUHGXFWLRQRIVWDQGDUGVZDVFRQGXFWHG
ZLWK D FKDQJH IURP WKH WK WR WKH WKKLJKHVW KRXU $56 1R  %09,  ZKLFK LV
FXVWRPDU\ LQ WKH 81(&(
V WUDQVSRUW VWDWLVWLFV )RU SODQQHG IDFLOLWLHV RQ IHGHUDO WUXQN URDGV LW LV
SRVVLEOH WR GUDZ RQ FHQWUDO UHTXLUHPHQW SODQ IRUHFDVWV E\ WKH )HGHUDO 0LQLVWU\ RI 7UDQVSRUW DQG
'LJLWDO,QIUDVWUXFWXUH&XUUHQWO\DQHZ)HGHUDO7UDQVSRUW,QIUDVWUXFWXUH3ODQ)7,3LVEHLQJGUDIWHG
DQGGLVFXVVHGEHWZHHQWKH)HGHUDOVWDWHDQGWKHIHGHUDOVWDWHV7KH)7,3SURYLGHVDSULRULW\UDQNLQJRI
LQYHVWPHQWVLQURDGLQIUDVWUXFWXUHE\DFRPSUHKHQVLYHDVVHVVPHQWIUDPHZRUNFRQWDLQLQJDPRQJRWKHUV
D FRVWEHQHILW DQDO\VLV 7KH DVVHVVPHQW RI WKH SURSRVHG SURMHFWV LV EDVHG RQ D QDWLRQZLGH WUDIILF
IRUHFDVWIRU7KHSUHGLFWHGWUDIILFGHPDQGIRUWKHVHOHFWHGSURMHFWVWKHQRQO\KDVWREHFRQYHUWHG
WRWKHDSSURSULDWHGHVLJQKRXUZLWKLQWKHIUDPHZRUNRIDSSO\LQJWKH+%6

2QHRIWKHPDMRUFKDQJHVZLOODIIHFWWKHVWUXFWXUHRIWKH+%66LQFHWKHLQWURGXFWLRQRIWKHILUVW
+%6 WKH GHVLJQ JXLGHOLQHV LQ *HUPDQ\ KDYH EHHQ IXQGDPHQWDOO\ UHVWUXFWXUHG 7KH EDVLV IRU WKH
GHVLJQLVWKHURDGFDWHJRU\ZKLFKLVGHWHUPLQHGLQWKHJXLGHOLQHVRQQHWZRUNSODQQLQJ5,1)*69
E:KHUHDV SUHYLRXVO\ URDG GHVLJQ RXWVLGH EXLOWXS DUHDV ZDV GLIIHUHQWLDWHG E\ FURVV VHFWLRQ
DOLJQPHQWDQGLQWHUVHFWLRQVWKHQHZJHQHUDWLRQRIGHVLJQJXLGHOLQHVGLIIHUHQWLDWHVE\IUHHZD\VUXUDO
URDGVDQGXUEDQVWUHHWV7KXVWKHJXLGHOLQHVIRUIUHHZD\V5$$)*69DIRUUXUDOURDGV5$/
)*69  DQG XUEDQ VWUHHWV 5$6W )*69  GHWHUPLQH WKH VWUXFWXUH RI WKH QHZ +%6
7KHUHIRUHWKHHGLWLRQRIWKH+%6LVWREHVXEGLYLGHGLQWRWKUHHSDUWV±IUHHZD\V$UXUDOURDGV
/DQGXUEDQVWUHHWV6±SOXVDFROOHFWLRQRIVDPSOHDSSOLFDWLRQVLQDGLJLWDOYROXPH7KHDLPLVWR
SURYLGH XVHUV ZLWK DOO WKH UHOHYDQW PHWKRGV IRU WKH /26 DVVHVVPHQW RI WKH IDFLOLWLHV XQGHU
FRQVLGHUDWLRQLQDFRPSDFWIRUP7RWKLVHQGHDFKFKDSWHUQXPEHULVSUHFHGHGE\WKHOHWWHURIWKHSDUW
7KLV QHZ VWUXFWXUH ZLOO DOVRPDNH LW SRVVLEOH WR LQFOXGH QHZPDWHULDO ZLWKRXW KDYLQJ WR UHJXODUO\
UHQXPEHUWKHFKDSWHUV7DEOHVKRZVWKHQHZVWUXFWXUHRIWKH+%6
 
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
*HQHUDO 


,QWURGXFWLRQ
3ULQFLSOHVDQGGHILQLWLRQV
$UHDRIDSSOLFDWLRQ
3DUW$)UHHZD\V $
$
$
$
$
3XUSRVHDQGVFRSH
7UDIILFGHPDQG
)UHHZD\VHJPHQWV
)UHHZD\GLYHUJHPHUJHDQGZHDYLQJVHJPHQWV
)UHHZD\IDFLOLWLHV
3DUW/±5XUDO5RDGV /
/
/
/
/
/
/
3XUSRVHDQGVFRSH
7UDIILFGHPDQG
6HJPHQWVRIUXUDOURDGV
6LJQDOL]HGLQWHUVHFWLRQV
8QVLJQDOL]HGLQWHUVHFWLRQV
+LJKZD\GLYHUJHPHUJHDQGZHDYLQJVHJPHQWV
5XUDOURDGIDFLOLWLHV
3DUW6±8UEDQ6WUHHWV 6
6
6
6
6
6
6
6
6
6
3XUSRVHDQGVFRSH
7UDIILFGHPDQG
6HJPHQWVRIPDMRUXUEDQVWUHHWV
6LJQDOL]HGLQWHUVHFWLRQV
8QVLJQDOL]HGLQWHUVHFWLRQV
0DMRUXUEDQVWUHHWVIDFLOLWLHV
7UDQVLWYHKLFOHVIDFLOLWLHV
%LF\FOHIDFLOLWLHV
3HGHVWULDQIDFLOLWLHV
$FFHVVHVWRSDUNLQJIDFLOLWLHV
&ROOHFWLRQRI([DPSOHV
GLJLWDORQO\
$
/
6

7DEOH6WUXFWXUHRIWKH+%6)*69E
7KH DSSOLFDWLRQ IUDPHZRUNRI WKH+%6 LV DV IROORZV)LUVW RI DOO WKH H[SHFWHGGHPDQG LV WREH
GHWHUPLQHGLQIRUPRIWKHVRFDOOHGGHVLJQKRXUYROXPHLQFKDSWHUV)RUEDVLFIUHHZD\VHJPHQWVDV
ZHOO DV EDVLF UXUDO URDG VHJPHQWV WKH GHVLJQKRXU YROXPH LV JLYHQ LQ YHKLFOHVK ZLWK WKH VKDUH RI
KHDY\JRRGVYHKLFOHVLQSHUFHQWDVLQIOXHQFLQJSDUDPHWHU)RUGLYHUJHPHUJHDQGZHDYLQJVHJPHQWV
RQIUHHZD\VDVZHOODVIRUVLJQDOL]HGDQGXQVLJQDOL]HGLQWHUVHFWLRQVDFRQYHUVLRQLQSDVVHQJHUFDUVLV
QHFHVVDU\
,QDVHFRQGVWHSWKHFDSDFLW\RIWKHIDFLOLW\DQGWKHGHILQHGSHUIRUPDQFHPHDVXUH7DEOHDUHWR
EHGHWHUPLQHGZKLFK WKHQDOORZWKHGHWHUPLQDWLRQRI WKH UHVXOWLQJ/267KLV LVGRQHVHSDUDWHO\ IRU
HYHU\ EDVLV VHJPHQW DQG HYHU\ GLYHUJH PHUJH ZHDYLQJ VHJPHQW RU SDUW RI D VLJQDOL]HG RU
XQVLJQDOL]HGLQWHUVHFWLRQ7KLVDOORZVIRUWKHDQVZHUWRWKHTXHVWLRQLIWKHIDFLOLW\XQGHUFRQVLGHUDWLRQ
ZLOOEHDEOH WRFRSHZLWK WKH H[SHFWHGGHPDQGRU LI LWQHHGVDQ HQODUJHPHQW7KLV LVDYHU\ OLPLWHG
DVVHVVPHQWRIWKHIDFLOLWLHV¶SHUIRUPDQFH
 
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
)DFLOLW\ 3HUIRUPDQFH0HDVXUH 3DUDPHWHU
)UHHZD\VHJPHQWV YROXPHWRFDSDFLW\ [
)UHHZD\GLYHUJHPHUJHDQGZHDYLQJVHJPHQWV YROXPHWRFDSDFLW\ [
6HJPHQWVRIUXUDOURDGV GHQVLW\ N
+LJKZD\GLYHUJHPHUJHDQGZHDYLQJVHJPHQWV GHQVLW\ N
6LJQDOL]HGLQWHUVHFWLRQV GHOD\ W:
8QVLJQDOL]HGLQWHUVHFWLRQV GHOD\ W:
6HJPHQWVRIPDMRUXUEDQVWUHHWV GHQVLW\ N
%LF\FOHIDFLOLWLHV WXUEXOHQFHUDWH 6
3HGHVWULDQIDFLOLWLHV GHQVLW\ N
$FFHVVHVWRSDUNLQJIDFLOLWLHV GHOD\ W'
7DEOH3HUIRUPDQFHPHDVXUHVWRGHWHUPLQH/26LQWKH+%6)*69E
)URP WKHSRLQWRI YLHZRIDQHWZRUNGHVLJQHUKRZHYHU LW LV LPSRUWDQW WRNQRZLISODFHV LQ WKH
FRXQWU\ DUH FRQQHFWHG ZLWKLQ DQ DFFHSWDEOH WUDYHO WLPH 7KHUHIRUH WKH *HUPDQ *XLGHOLQHV IRU
,QWHJUDWHG 1HWZRUN 3ODQQLQJ 5,1 )*69 E VHW XS D IUDPHZRUN IRU WKH VHUYLFH TXDOLW\
DVVHVVPHQW LQPXOWLPRGDOQHWZRUNVRQ WKH OHYHORI2'SDLUV ,QSDUWLFXODU WKHGLUHFW VSHHG GLUHFW
GLVWDQFH DV WKH FURZ IOLHV  WULS WLPH EHWZHHQ WZR FLWLHV LV GHILQHG DV D SHUIRUPDQFH PHDVXUH WR
UHSUHVHQWWKHTXDOLW\RIVHUYLFHLQQHWZRUNSODQQLQJ)ULHGULFK
$V LQWHUPHGLDWHVSDWLDOOHYHOEHWZHHQLQGLYLGXDOVHJPHQWVRU LQWHUVHFWLRQVDQG2'SDLUV WKH5,1
GHILQHVVRFDOOHGQHWZRUNVHJPHQWV1HWZRUNVHJPHQWVDUHURDGOLQNVLQWKHQHWZRUNEHWZHHQQRGHV
ZLWK RWKHU URDGV RI WKH VDPH FDWHJRU\ HJ IRU DQ LQWHUVWDWH IUHHZD\ EHWZHHQ WZR QHLJKERULQJ
LQWHUFKDQJHV IUHHZD\ ± IUHHZD\ 7KHUHIRUH QHWZRUN VHJPHQWV JHQHUDOO\ FRPSULVH VHYHUDO EDVLF
GLYHUJHPHUJHDQGZHDYLQJVHJPHQWVRULQWHUVHFWLRQV7KHQHWZRUNVHJPHQWLQWKLVVHQVHUHSUHVHQWV
DVSHFLDOW\SHRIIDFLOLW\%HFDXVHWKHDVVHVVPHQWIUDPHZRUNLVDSSOLFDEOHRQDQ\IDFLOLW\LQJHQHUDOLQ
WKLVSDSHUWKHPRUHFRPPRQWHUPIDFLOLW\LVXVHGLQVWHDGRIQHWZRUNVHJPHQWVHH7DEOH
)RU WKHQHWZRUN VHJPHQWV WKH5,1 VSHFLILHV FRUULGRUV IRUPHDQ WUDYHO VSHHGVRISDVVHQJHU FDUV
GHSHQGLQJRQWKHURDGFDWHJRU\%XWWKH5,1GRQRWSURYLGHDQ\IUDPHZRUNWRFDOFXODWHWUDYHOVSHHGV
7KH\RQO\UHIHUWRWKHGHVLJQKRXUDFFRUGLQJWRWKH+%67KHUHIRUHFRPSDUHGWRWKHFXUUHQW+%6WKH
QHZHGLWLRQZDVWREHVXSSOHPHQWHGE\ WKHDGGLWLRQRIDFKDSWHU IRUQHWZRUNVHJPHQWVRU IDFLOLWLHV
FRPSULVLQJVHJPHQWVDQGLQWHUVHFWLRQVLQHDFKSDUW%DVHGRQDQHDUOLHUUHVHDUFKE\6WHLQDXHUHWDO
 %DLHU HW DO  DQG %DLHU +DUWNRSI  GHYHORSHG D OHYHO RI VHUYLFH FRQFHSW IRU
QHWZRUNVHJPHQWVEDVHGRQDVSHHGLQGH[DVSHUIRUPDQFHPHDVXUHLQDFFRUGDQFHZLWKWKHLGHDVRIWKH
5,1
:LWKWKH+%6HGLWLRQLWLVRQO\SRVVLEOHWRFDOFXODWHPHDQWUDYHOVSHHGVIRUEHORZFDSDFLW\
WUDIILF YROXPHV 7KLV PHDQV WKDW IRU WKH WLPH EHLQJ LW LV RQO\ EH SRVVLEOH WR LGHQWLI\ FRQJHVWLRQ
VLWXDWLRQV EXW QRW WR DVVHVV RYHUVDWXUDWHG FRQGLWLRQV LQ D GLIIHUHQWLDWHGPDQQHU 1RU GRHV WKH+%6
SURYLGHIRUFRQFUHWHDSSURDFKHVIRUDVVHVVLQJWKHUHOLDELOLW\RIKLJKZD\IDFLOLWLHV7KH+%6PHWKRGV
FDQKRZHYHUEHXVHGDVSDUWRIZKROH\HDUDQDO\VHVWRHVWLPDWHWKHIUHTXHQF\RIFRQJHVWLRQLQD\HDU
FI%ULORQ(VWHO$QDWWHPSWWRDVVHVVRYHUVDWXUDWHGFRQGLWLRQVRQIUHHZD\VLVWKHGHYHORSPHQW
RID*HUPDQ)5((9$/WRROFI+DUWPDQQ9RUWLVFK
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 1HZFRQWHQWVRIWKH+%6
7KH QXPHURXV DGDSWDWLRQV RI WKH FRQWHQWV DUH EDVHG RQ D ODUJH QXPEHU RI UHVHDUFK SURMHFWV
FRQGXFWHGVLQFHWKHLQWURGXFWLRQRIWKHILUVWHGLWLRQRIWKH+%67KHFKDSWHUVRQWUDIILFGHPDQG$
/DQG6KDYHEHHQFRPSOHWHO\UHZULWWHQRQWKHEDVLVRIVWXGLHVE\$UQROGHWDODQG
 DQG :DOWKHU HW DO  ILQGLQJV IURP WKH )HGHUDO +LJKZD\ 5HVHDUFK ,QVWLWXWH
V WUDIILF
VWDWLVWLFVDQGDZLGHUDQJHRISUDFWLFDOH[SHULHQFH7KHUHIHUHQFHSHULRGVDQGYHKLFOHW\SHVKDYHEHHQ
PRUHFOHDUO\GHOLPLWHG,QDGGLWLRQXVHUVDUHWREHSURYLGHGZLWKSUDFWLFDOLQIRUPDWLRQRQKRZWKH\
FDQGHULYHWKHGDWDWKH\UHTXLUHLQDQ\JLYHQGHVLJQFDVHZLWKDJLYHQVHWRIUDZGDWD)RUWKLVUHDVRQ
LW LV QHFHVVDU\ WR UHIHU PRUH VSHFLILFDOO\ WR WKH SDUDPHWHUV WKDW FDQ EH GHULYHG IURP DVVLJQPHQW
PRGHOV7KH VSHFLDO UHTXLUHPHQWV LQYROYHG LQGHVLJQLQJ DQ LQWHUVHFWLRQPXVWEH WDNHQ LQWR DFFRXQW
7KH UHVXOW PXVW EH WR VSHFLI\ GLIIHUHQWLDWHG FRPSXWDWLRQ VWHSV WKDW SURYLGH WKH QHFHVVDU\ GHVLJQ
GHPDQGVIRUYHULILFDWLRQSURFHGXUHVLQWKH+%6FI/HPNH
)RU IUHHZD\ VHJPHQWV WKH VWXGLHV E\%ULORQ*HLVWHIHOGW   LQ DGGLWLRQ WR )ULHGULFK
(QJHOPDQQ  KDYH SURYLGHG LPSRUWDQW QHZ ILQGLQJV RQ FDSDFLWLHV DQG UHODWLRQVKLSV EHWZHHQ
WUDIILF YROXPHV DQG VSHHG RQ IUHHZD\V 1XPHURXV YDOXHV DQG FXUYHV KDYH EHHQ PRGLILHG DQG
FRPSOHPHQWHGFI*HLVWHIHOGW
,QUHFHQW\HDUVQXPHURXVVWXGLHVKDYHEHHQFRQGXFWHGLQWRGLIIHUHQWHOHPHQWVRIJUDGHVHSDUDWHG
LQWHUVHFWLRQVWKDWKDGQRWEHHQFRYHUHGVRIDU%ULORQ%HW])ULHGULFKHWDODQG
:HLVHU 6LOOXV/LSSROG $QHZXQLIRUPRQHSLHFHPRGHO WR GHWHUPLQH WKH OHYHO RI VHUYLFH
GHYHORSHGE\:XLVXVHGIRUWKHGLDJUDPVFI:X/HPNH
,QWKHFDVHRIVHJPHQWVRIUXUDOURDGVRQO\WZRODQHUXUDOURDGVKDYHEHHQDGGUHVVHGVRIDU1RZ
RQWKHEDVLVRIWKHVWXG\E\%UDQQROWH%DVHODX'RQJVHFWLRQVFDQDOVREHDVVHVVHGDQG
RQ WKH EDVLV RI UHVHDUFK E\0DLHU %HUJHU  DOVR VKRUW VHFWLRQV RI IRXUODQH GXDOFDUULDJHZD\
VHJPHQWV ,QDSURMHFWE\:HLVHUHW DO  WKHDVVHVVPHQWRI WZRODQH UXUDO URDGVZKLFK LQ WKH
SDVW ZDV GRQH RQ D FURVVVHFWLRQ EDVLV LV FRQYHUWHG WR DQ DVVHVVPHQW RI HDFK GLUHFWLRQ 7KH
LQIOXHQFLQJSDUDPHWHUVDUHVWLOOWKHJUDGHDQGWKHEHQGLQHVV7KHSHUIRUPDQFHPHDVXUHIRUUXUDOURDG
VHJPHQWVLQJHQHUDOLVWKHWUDIILFGHQVLW\:KLOHIRUVLQJOHFDUULDJHZD\URDGVWZRODQHDQGURDGV
WKHGHQVLW\SHUODQHLVWKHUHOHYDQWPHDVXUHRQVKRUWVHFWLRQVRIGXDOFDUULDJHZD\URDGV LQWKHUXUDO
URDGQHWZRUNWKHGHQVLW\DSSOLHVWRWKHHQWLUHFDUULDJHZD\ODQHVFI:X/HPNH7KXVWKH
FKDSWHU QRZ FRQVLGHUV DOO QHZ FURVV VHFWLRQV W\SHV IURP WKH 5$/ )*69  %DVHG RQ WKH
GHPDQGKRXU YROXPH DQG WKH VKDUH RI KHDY\ JRRGV YHKLFOHV WKH WUDYHO VSHHG KDV WR EH WDNHQ IURP
VSHHGIORZFXUYHVDQGWKXVWKHGHQVLW\LVFDOFXODWHG7KURXJKWKHODFNRIHPSLULFDOGDWDDSUDJPDWLF
DSSURDFK ZDV ILQDOO\ VHOHFWHG WR HVWLPDWH WUDYHO VSHHG DQG GHQVLW\ IRU RQO\ SDUWO\ URDGV 7KH
H[LVWLQJGDWDVKRZVWKDWVLQJOHODQHVHFWLRQVRIURDGVH[SHULHQFHKLJKHUVSHHGVWKDQQRUPDOWZR
ODQHURDGV7KHVSHHGVFHUWDLQO\GHSHQGRQ WKHGLVWDQFHIURPWKH ODVWVHFWLRQZLWKWZRODQHVIRU WKH
GLUHFWLRQXQGHUUHYLHZEHFDXVHRISODWRRQLQJ7KXVLWZDVGHFLGHGWRDSSO\WKHURDGVFXUYHVXS
WRGLVWDQFHVRINPDQGWKHQFKDQJHWRWKHFXUYHVRIWZRODQHURDGV
:LWKUHJDUGWRVLJQDOL]HGLQWHUVHFWLRQVLWKDVEHHQSRVVLEOHWRJDLQPDQ\ILQGLQJVIURPVWXGLHVRI
WKH SDUDOOHO XSGDWHG JXLGHOLQHV IRU WUDIILF VLJQDOV )*69 D )RU VWRSFRQWUROOHG DQG \LHOG
FRQWUROOHG LQWHUVHFWLRQV WKH JDS DFFHSWDQFH PHWKRG KDV EHHQ PRGLILHG RQ WKH EDVLV RI DSSURDFKHV
IURP WKH FRQIOLFWPDWUL[PHWKRG FI %ULORQ0LOWQHU  DQG0DLHU HW DO  7KHUH DUH QHZ
ILQGLQJV RQ URXQGDERXWV IURP%ULORQ%lXPHU  DQG%ULORQ:X %DVHGRQ D VWXG\ E\
%DLHU HW DO  QRZ DOVR PLQLURXQGDERXWV DUH FRYHUHG E\ WKH +%6 %ULORQ *HSSHUW 
GHYHORSHGDIUDPHZRUNIRUWKHDVVHVVPHQWRIWXUERURXQGDERXWVZKLFKZHUHQRWLQFOXGHGLQWKH+%6
EXWLQWKHZRUNLQJSDSHURQWXUERURXQGDERXWV)*69F$QHZPHWKRGIRULQWHUVHFWLRQVZKHUH
WKHGULYHURQWKHULJKWKDVWKHULJKWRIZD\KDVDOVREHHQLQFOXGHGFI%ROW]H6WHSKDQ
$QDVVHVVPHQWPHWKRGIRUPDMRUXUEDQVWUHHW IDFLOLWLHVZDVILQDOO\GHYHORSHGE\%DLHU+DUWNRSI
EDVHGRQHDUOLHUVWXGLHV%DLHUHWDO/DQNHWDODQG6PPHUPDQQHWDO
5HJDUGLQJ WKH FKDSWHUV RQ WUDQVLW YHKLFOHV IDFLOLWLHV SHGHVWULDQ IDFLOLWLHV DQG DFFHVVHV WR SDUNLQJ
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IDFLOLWLHV WKH H[LVWLQJ WH[WVZHUH HVVHQWLDOO\ UHHGLWHG 7KH FKDSWHU RQ ELF\FOH IDFLOLWLHV ZDV DEVHQW
IURPWKHHGLWLRQRIWKH+%6DQGDFRPSOHWHO\QHZFKDSWHUKDVEHHQGHYHORSHGRQWKHEDVLVRI
WKHVWXGLHVE\)DONHQEHUJHWDO
5HIHUHQFHV
%09%6  $OOJHPHLQHV 5XQGVFKUHLEHQ 6WUDHQEDX $56 *HQHUDO &LUFXODU 5RDG
&RQVWUXFWLRQ 1R  %XQGHVPLQLVWHULXP IU 9HUNHKU %DX XQG :RKQXQJVZHVHQ
)HGHUDO0LQLVWU\RI7UDQVSRUW%XLOGLQJDQG8UEDQ'HYHORSPHQW%RQQ0D\
%09,$OOJHPHLQHV5XQGVFKUHLEHQ6WUDHQEDX$56*HQHUDO&LUFXODU5RDG&RQVWUXFWLRQ
1R%XQGHVPLQLVWHULXPIU9HUNHKUXQGGLJLWDOH,QIUDVWUXNWXU)HGHUDO0LQLVWU\RI
7UDQVSRUWDQG'LJLWDO,QIUDVWUXFWXUH%RQQ$XJXVW
)*69(G+DQGEXFKIUGLH%HPHVVXQJYRQ6WUDHQYHUNHKUVDQODJHQ+%6HGLWLRQ
YHUVLRQ*HUPDQ+LJKZD\&DSDFLW\PDQXDO)RUVFKXQJVJHVHOOVFKDIWIU6WUDHQXQG
9HUNHKUVZHVHQ)*695RDGDQG7UDQVSRUW$VVRFLDWLRQ&RORJQH
)*69(G5LFKWOLQLHQIUGLH$QODJHYRQ6WDGWVWUDHQ5$6W'LUHFWLYHVIRUWKHGHVLJQRI
XUEDQ VWUHHWV)RUVFKXQJVJHVHOOVFKDIW IU 6WUDHQ XQG 9HUNHKUVZHVHQ )*69 5RDG DQG
7UDQVSRUW$VVRFLDWLRQ&RORJQHWUDQVODWLRQ
)*69(GD5LFKWOLQLHQIUGLH$QODJHYRQ$XWREDKQHQ5$$*XLGHOLQHVIRUWKHGHVLJQRI
PRWRUZD\V )RUVFKXQJVJHVHOOVFKDIW IU 6WUDHQ XQG 9HUNHKUVZHVHQ )*69 5RDG DQG
7UDQVSRUW$VVRFLDWLRQ&RORJQHWUDQVODWLRQ
)*69 (G E 5LFKWOLQLHQ IU LQWHJULHUWH 1HW]JHVWDOWXQJ 5,1 *XLGHOLQHV IRU LQWHJUDWHG
QHWZRUN SODQQLQJ)RUVFKXQJVJHVHOOVFKDIW IU 6WUDHQ XQG9HUNHKUVZHVHQ )*69 5RDG
DQG7UDQVSRUW$VVRFLDWLRQ&RORJQH
)*69(G5LFKWOLQLHQIUGLH$QODJHYRQ/DQGVWUDHQ5$/*XLGHOLQHVIRUWKHGHVLJQRI
PRWRUZD\V )RUVFKXQJVJHVHOOVFKDIW IU 6WUDHQ XQG 9HUNHKUVZHVHQ )*69 5RDG DQG
7UDQVSRUW$VVRFLDWLRQ&RORJQH
)*69 (G D 5LFKWOLQLHQ IU /LFKWVLJQDODQODJHQ 5L/6$ *XLGHOLQHV RQ WUDIILF VLJQDOV
)RUVFKXQJVJHVHOOVFKDIW IU 6WUDHQ XQG 9HUNHKUVZHVHQ )*69 5RDG DQG 7UDQVSRUW
$VVRFLDWLRQ&RORJQHHGLWLRQ
)*69(GE+DQGEXFKIUGLH%HPHVVXQJYRQ6WUDHQYHUNHKUVDQODJHQ+%6(GLWLRQ
*HUPDQ +LJKZD\ &DSDFLW\ 0DQXDO )RUVFKXQJVJHVHOOVFKDIW IU 6WUDHQ XQG
9HUNHKUVZHVHQ)*695RDGDQG7UDQVSRUW$VVRFLDWLRQ&RORJQHHGLWLRQ
)*69 (G F $UEHLWVSDSLHU 7XUERNUHLVYHUNHKUH :RUNLQJ SDSHU WXUERURXQGDERXWV
)RUVFKXQJVJHVHOOVFKDIW IU 6WUDHQ XQG 9HUNHKUVZHVHQ )*69 5RDG DQG 7UDQVSRUW
$VVRFLDWLRQ&RORJQH

$UQROG0%|WWFKHU6%HPHVVXQJVYHUNHKUVVWlUNHQYRUGHP+LQWHUJUXQGVLFKYHUlQGHUQGHU
3HJHO 5DWHG WUDIILF YROXPHV EDVHG RQ YDULDWLRQV LQ OHYHO )RUVFKXQJ 6WUDHQEDX XQG
6WUDHQYHUNHKUVWHFKQLN1R%RQQ
$UQROG 0 +HGHOHU 0  +RFKUHFKQXQJVYHUIDKUHQ IU .XU]]HLW]lKOXQJHQ DXI
+DXSWYHUNHKUVVWUDHQ LQ *URVWlGWHQ 7UDIILF SDUDPHWHU HVWLPDWLRQ EDVHG RQ VKRUWWHUP
FRXQWVLQPDMRUFLWLHV)RUVFKXQJ6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ

$UQROG0.OXWK7=LHJOHU+7KRPDV% %HPHVVXQJVYHUNHKUVVWlUNHQDXIHLQEDKQLJHQ
/DQGVWUDHQ'HPDQGYROXPHVIRUVLQJOHFDUULDJHZD\KLJKZD\V%HULFKWHGHU%XQGHVDQVWDOW
IU6WUDHQZHVHQ1R9%HUJLVFK*ODGEDFK
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
%DLHU0.DWKPDQQ7%DLHU56FKlIHU.9HUNHKUVTXDOLWlWDXI6WUHFNHQDEVFKQLWWHQYRQ
+DXSWYHUNHKUVVWUDHQ 7UDIILFTXDOLW\RQDUWHULDO URDGVHFWLRQV%HULFKWHGHU%XQGHVDQVWDOW
IU6WUDHQZHVHQ1R9%HUJLVFK*ODGEDFK
%DLHU 5 /HX 3 .OHPSV.RKQHQ $ 5HLQDUW] $ 0DLHU 5 6FKPRW] 0 
0LQLNUHLVYHUNHKUH±$EOHLWXQJLKUHU(LQVDW]EHUHLFKHXQG(LQVDW]JUHQ]HQ0LQLURXQGDERXWV
±GHULYDWLRQRIDSSOLFDWLRQDUHDVDQGDSSOLFDWLRQOLPLWDWLRQV%HULFKWHGHU%XQGHVDQVWDOWIU
6WUDHQZHVHQ1R9%HUJLVFK*ODGEDFK
%DLHU 0 6FKXFNOLH : 0DLHU 5 6FKPRW] 0  4XDOLWlWVVWXIHQNRQ]HSWH ]XU
DQODJHQEHUJUHLIHQGHQ %HZHUWXQJ GHV 9HUNHKUVDEODXIV DXI $XHURUWVVWUDHQ /HYHORI
6HUYLFH &RQFHSWV IRU +LJKZD\ )DFLOLW\ 3HUIRUPDQFH %HULFKWH GHU %XQGHVDQVWDOW IU
6WUDHQZHVHQ1R9%HUJLVFK*ODGEDFK
%DLHU0 +DUWNRSI *  9HUIDKUHQ ]XU %HZHUWXQJ GHU 9HUNHKUV XQG$QJHERWVTXDOLWlW YRQ
+DXSWYHUNHKUVVWUDHQ 0HWKRGRORJLHV IRU (YDOXDWLQJ 0DMRU 8UEDQ 6WUHHW 6HJPHQW DQG
)DFLOLW\ 3HUIRUPDQFH%HULFKWH GHU %XQGHVDQVWDOW IU 6WUDHQZHVHQ 1R 9  %HUJLVFK
*ODGEDFK
%UDQQROWH 8 %DVHODX & 'RQJ 3  =XVDPPHQKlQJH ]ZLVFKHQ 9HUNHKUVVWlUNH XQG
9HUNHKUVDEODXIDXIQHXHQ4XHUVFKQLWWHQQDFK5$648QWHUVXFKXQJGHV9HUNHKUVDEODXIV
DXIGHP6WUDHQW\S545HODWLRQVKLSVEHWZHHQWUDIILFLQWHQVLW\DQGWUDIILFIORZRQQHZ
VHFWLRQV DFFRUGLQJ WR 5$64  ,QYHVWLJDWLRQV RI WUDIILF IORZ RQ URDG W\SH 54 
)RUVFKXQJ6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ
%ULORQ:*URPDQQ0%ODQNH+9HUIDKUHQIUGLH%HUHFKQXQJGHU/HLVWXQJVIlKLJNHLW
XQG GHU4XDOLWlW GHV9HUNHKUVDEODXIV DXI 6WUDHQ 3URFHGXUH IRU FDOFXODWLQJ WKH HIILFLHQF\
DQGTXDOLW\RIWKHIORZRIWUDIILFURDGV)RUVFKXQJ6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN
1R%RQQ
%ULORQ: %lXPHU +  hEHUSUIXQJ YRQ .UHLVYHUNHKUHQ PLW ]ZHLVWUHLILJ PDUNLHUWHU RGHU
HLQVWUHLILJ PDUNLHUWHU DEHU ]ZHLVWUHLILJ EHIDKUEDUHU .UHLVIDKUEDKQ (YDOXDWLRQV RI
URXQGDERXWV ZLWK GRXEOHODQH RU VLQJOHODQH PDUNLQJ DQG GRXEOHODQH WUDIILF )RUVFKXQJ
6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ
%ULORQ:%HW]&(QWZXUIXQG%HPHVVXQJYRQ$XWREDKQNQRWHQXQWHU%HUFNVLFKWLJXQJGHU
:HFKVHOZLUNXQJHQ ]ZLVFKHQ GHQ (OHPHQWHQ 'HVLJQ DQG HYDOXDWLRQ RI PRWRUZD\
LQWHUVHFWLRQV FRQVLGHULQJ WKH LQWHUDFFWLRQV EHWZHHQ HOHPHQWV)RUVFKXQJ 6WUDHQEDX XQG
6WUDHQYHUNHKUVWHFKQLN1R%RQQ
%ULORQ:(VWHO$ 'LIIHUHQ]LHUWH%HZHUWXQJ GHU4XDOLWlWVVWXIHQ LP+%6 LP%HUHLFK GHU
hEHUODVWXQJ 'LIIHUHQWLDWHG DVVHVVPHQW RI TXDOLW\ OHYHOV LQ +%6 LQ WKH FRQJHVWLRQ DUHD
)RUVFKXQJ6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ
%ULORQ:*HLVWHIHOGW-/LSSROG&.XF]RUD9$XWREDKQHQXQG$XWREDKQNQRWHQSXQNWH
PLWYLHUVWUHLILJHQ5LFKWXQJVIDKUEDKQHQ±*HVWDOWXQJXQG%HPHVVXQJ3ODQQLQJDQGGHVLJQRI
PRWRUZD\ VHFWLRQV DQG LQWHUFKDQJHV ZLWK IRXUODQH FDUULDJHZD\V )RUVFKXQJ 6WUDHQEDX
XQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ
%ULORQ : *HLVWHIHOGW -  hEHUSUIXQJ GHU %HPHVVXQJVZHUWH GHV +%6 IU
$XWREDKQDEVFKQLWWHDXHUKDOEGHU.QRWHQSXQNWH5HYLVLRQRIWKHGHVLJQFDSDFLWLHVDQGIORZ
VSHHGGLDJUDPVJLYHQLQWKH+%6IRUEDVLFPRWRUZD\VHJPHQWV)RUVFKXQJ6WUDHQEDXXQG
6WUDHQYHUNHKUVWHFKQLN1R%RQQ
%ULORQ : *HSSHUW $  9HUNHKUVTXDOLWlW DQ ]ZHLVWUHLILJHQ .UHLVYHUNHKUHQ XQWHU
%HUFNVLFKWLJXQJGHU$EELHJHEH]LHKXQJHQXQGDNWXHOOHU*UHQ]XQG)ROJH]HLWOFNHQ7UDIILF
SHUIRUPDQFHRIWZRODQHURXQGDERXWVZLWKVSHFLDOUHJDUGWRWXUQLQJWUDIILFDQGFXUUHQWFULWLFDO
KHDGZD\VDQGIROORZXSKHDGZD\V)RUVFKXQJ6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R
%RQQ
%ULORQ : 0LOWQHU 7  9HUNHKUVTXDOLWlW XQWHUVFKLHGOLFKHU 9HUNHKUVWHLOQHKPHUDUWHQ DQ
.QRWHQSXQNWHQRKQH/6$4XDOLW\RIWUDIILFIRUYDULRXVW\SHVRIURDGXVHUVDWXQVLJQDOL]HG
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
LQWHUVHFWLRQV%HULFKWHGHU%XQGHVDQVWDOWIU6WUDHQZHVHQ1R9%HUJLVFK*ODGEDFK

%ULORQ::X1.DSD]LWlWYRQ.UHLVYHUNHKUHQ$NWXDOLVLHUXQJ&DSDFLW\RIURXQGDERXWV±
8SGDWLQJ6WUDHQYHUNHKUVWHFKQLN1R
%ROW]H 0 6WHSKDQ 5  .DSD]LWlW XQG 9HUNHKUVVLFKHUKHLW YRQ .QRWHQSXQNWHQ PLW GHU
5HJHOXQJVDUW ³UHFKWV YRU OLQNV´ &DSDFLW\ DQG WUDIILF VDIHW\ RI LQWHUVHFWLRQV UHJXODWHG E\
ÄSULRULW\ WR WKH ULJKW³)RUVFKXQJ6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ

)DONHQEHUJ * HW DO  %HPHVVXQJ YRQ 5DGYHUNHKUVDQODJHQ XQWHU YHUNHKUVWHFKQLVFKHQ
*HVLFKWVSXQNWHQ 7UDIILF )DFWRUV 5HJDUGLQJ WKH 'LPHQVLRQLQJ RI %LF\FOH 7UDIILF
,QVWDOODWLRQV%HULFKWHGHU%XQGHVDQVWDOWIU6WUDHQZHVHQ1R9%HUJLVFK*ODGEDFK

)ULHGULFK%(QJHOPDQQ)9HUNHKUVDEODXIDQ)DKUVWUHLIHQUHGXNWLRQHQ7UDIILFIORZRQODQH
UHGXFWLRQV)RUVFKXQJ6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ
)ULHGULFK%+RIIPDQQ6,U]LN00DWVFKNH,=ZHLVWUHLILJH(LQIDKUWHQDQGUHLVWUHLILJHQ
5LFKWXQJVIDKUEDKQHQ±9HUNHKUVVLFKHUKHLW9HUNHKUVDEODXI7ZRODQHRQUDPSVWRWKUHHODQH
FDUULDJHZD\V ± WUDIILF VDIHW\ DQG WUDIILF IORZ )RUVFKXQJ 6WUDHQEDX XQG
6WUDHQYHUNHKUVWHFKQLN1R%RQQ
)ULHGULFK% ,U]LN0+RIIPDQQ6 9HUNHKUVDEODXI DQ$XWREDKQDXVIDKUWHQGHV7\SV$
GHU5$/.)ORZRIWUDIILFDW5$/.$W\SHPRWRUZD\H[LWV)RUVFKXQJ6WUDHQEDX
XQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ
)ULHGULFK 0  (YDOXDWLQJ WKH 6HUYLFH 4XDOLW\ LQ PXOWLPRGDO 7UDQVSRUW 1HWZRUNV
7UDQVSRUWDWLRQ 5HVHDUFK 3URFHGLD ,QWHUQDWLRQDO 6\PSRVLXP RQ (QKDQFLQJ +LJKZD\
3HUIRUPDQFH%HUOLQ
*HLVWHIHOGW-$QDO\VLVRI%DVLF)UHHZD\6HJPHQWVLQWKH*HUPDQ+LJKZD\&DSDFLW\0DQXDO
 DQG %H\RQG 7UDQVSRUWDWLRQ 5HVHDUFK 3URFHGLD ,QWHUQDWLRQDO 6\PSRVLXP RQ
(QKDQFLQJ+LJKZD\3HUIRUPDQFH%HUOLQ
+DUWPDQQ 0 9RUWLVFK 3 9LHWHQ 0 &KDW]LSDQDJLRWLGRX < +DXJ $ 6SDQJOHU 0 
:HFKVHOZLUNXQJHQ]ZLVFKHQ6WUHFNHQDEVFKQLWWHQXQG.QRWHQSXQNWHQEHLGHU(UPLWWOXQJYRQ
)DKUWJHVFKZLQGLJNHLWHQ,QWHUDFWLRQVEHWZHHQVWUDLJKWVHJPHQWVDQGMXQFWLRQVZLWKUHJDUGWR
WUDYHO VSHHGV 5HVHDUFK UHSRUW )( **% RQ EHKDOI RI WKH )HGHUDO +LJKZD\
5HVHDUFK,QVWLWXWH8QSXEOLVKHG
+DUWPDQQ09RUWLVFK3$UDWLRQDOHIRUHQKDQFLQJWKH*HUPDQ+LJKZD\&DSDFLW\0DQXDO
WR LQFRUSRUDWH RYHUVDWXUDWHG IUHHZD\ IDFLOLW\ DQDO\VLV 7UDQVSRUWDWLRQ 5HVHDUFK 3URFHGLD
,QWHUQDWLRQDO6\PSRVLXPRQ(QKDQFLQJ+LJKZD\3HUIRUPDQFH%HUOLQ
.|KOHU8(LNHQEHUJ24XDOLWlWVVWXIHQLPVWUDHQJHEXQGHQHQg319OHYHOVRIVHUYLFHRI
URDGEDVHG SXEOLF WUDQVSRUW 5HSRUW RQ EHKDOI RI WKH 5RDG DQG 7UDQVSRUWDWLRQ 5HVHDUFK
$VVRFLDWLRQ)*69XQSXEOLVKHG.DVVHO
/DQN& 6PPHUPDQQ$6WHLQDXHU%%DXU2.HPSHU'3UREVW'%DLHU0%DLHU5
.OHPSV.RKQHQ$ -DFKWPDQQ<+HEHO& %HZHUWXQJVYHUIDKUHQ IU9HUNHKUV
XQG9HUELQGXQJVTXDOLWlWHQYRQ+DXSWYHUNHKUVVWUDHQ (YDOXDWLRQSURFHGXUHV IRU WKH WUDIILF
DQG OLQNLQJ TXDOLWLHV RIPDLQ URDGV%HULFKWH GHU %XQGHVDQVWDOW IU 6WUDHQZHVHQ 1R 9
%HUJLVFK*ODGEDFK
/HPNH. (VWLPDWLRQ RI WKH3HDNKRXUGHPDQG LQ WKH*HUPDQ+LJKZD\&DSDFLW\0DQXDO
3URFHGLD 6RFLDO DQG %HKDYLRUDO 6FLHQFHV WK ,QWHUQDWLRQDO 6\PSRVLXP RQ +LJKZD\
&DSDFLW\DQG4XDOLW\RI6HUYLFH9ROXPH(OVHYLHU6WRFNKROP6ZHGHQ-XQH±-XO\
0DLHU5%HUJHU56FKPDOH]ZHLEDKQLJYLHUVWUHLILJH/DQGVWUDHQ5HJHOTXHUVFKQLWW54
1DUURZGXDOFDUULDJHZD\URDGV54%HULFKWHGHU%XQGHVDQVWDOWIU6WUDHQZHVHQ1R
9%HUJLVFK*ODGEDFK
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
0DLHU5(QNH06FKPRW]0%DLHU0 %HUHFKQXQJVYHUIDKUHQIU.QRWHQSXQNWHRKQH
/LFKWVLJQDODQODJH XQWHU (LQEH]LHKXQJ QLFKWPRWRULVLHUWHU 9HUNHKUVWHLOQHKPHU &DOFXODWLRQ
PHWKRGV IRU MXQFWLRQV ZLWKRXW WUDIILF VLJQDO V\VWHPV WDNLQJ QRQPRWRULVHG URDG XVHUV LQWR
DFFRXQW)RUVFKXQJ6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ
6WHLQDXHU%6FKXFNOLH:%HFKHU7hEHUJUHLIHQGH%HZHUWXQJYRQ6WUHFNHQDEVFKQLWWHQ
XQG .QRWHQSXQNWHQ DXI /DQGVWUDHQ &RPSUHKHQVLYH HYDOXDWLRQ RI EDVLF VHJPHQWV DQG
LQWHUVHFWLRQV RQ KLJKZD\V)RUVFKXQJ 6WUDHQEDX XQG 6WUDHQYHUNHKUVWHFKQLN 1R 
%RQQ
6PPHUPDQQ $ /DQN & 6WHLQDXHU % %DLHU 0 %DLHU 5 .OHPSV.RKQHQ $ 
9HUNHKUVTXDOLWlWVVWXIHQNRQ]HSWH IU +DXSWYHUNHKUVVWUDHQ PLW VWUDHQEQGLJHQ 6WDGW
6WUDHQEDKQN|USHUQ 4XDOLW\ RI VHUYLFH FRQFHSWV IRU PDLQ URDGV ZLWK
PHWURSROLWDQFRPPXWHUUDLOZD\V\VWHPVERUGHULQJRQ WKHURDG%HULFKWHGHU%XQGHVDQVWDOW
IU6WUDHQZHVHQ1R9%HUJLVFK*ODGEDFK
:DOWKHU&:DPXWK9:LHF]RUHN7-RKlQQLQJ.7VFKDUDNWVFKLHZ69HUEHVVHUXQJ
GHU 0HWKRGHQ ]XU 3URJQRVH GHU .I]%HPHVVXQJVYHUNHKUVVWlUNHQ ,PSURYHPHQW RI WKH
PHWKRGH UHJDUGLQJ WKH IRUHFDVW RI PRWRU YHKLFOH GHPDQG FDOFXODWLRQV )RUVFKXQJ
6WUDHQEDXXQG6WUDHQYHUNHKUVWHFKQLN1R%RQQ
:HLVHU ) 6LOOXV $ /LSSROG &  9HUNHKUVVLFKHUKHLW XQG 9HUNHKUVDEODXI DQ SODQIUHLHQ
.QRWHQSXQNWHQPLW )DKUVWUHLIHQVXEWUDNWLRQ 7UDIILF VDIHW\ DQG WKH WUDIILF SURFHVV DW JUDGH
VHSDUDWHG LQWHUVHFWLRQV ZLWK ODQH VXEWUDFWLRQV )RUVFKXQJ 6WUDHQEDX XQG
6WUDHQYHUNHKUVWHFKQLN1R%RQQ
:HLVHU)-lJHU65LHGO&/RKRII-9HUNHKUVWHFKQLVFKH%HPHVVXQJYRQ/DQGVWUDHQ±
:HLWHUHQWZLFNOXQJGHU9HUIDKUHQ /HYHO RI VHUYLFHRI UXUDO URDGV  IXUWKHUGHYHORSPHQWRI
PHWKRGRORJ\%HULFKWHGHU%XQGHVDQVWDOWIU6WUDHQZHVHQ1R9%HUJLVFK*ODGEDFK

:X1/HPNH.7KHQHZ3URFHGXUHVIRU'LYHUJH0HUJHDQG6PDOO:HDYLQJ6HJPHQWVLQ
WKH QHZ 9HUVLRQ RI *HUPDQ +LJKZD\ &DSDFLW\ 0DQXDO +%6  7UDQVSRUWDWLRQ
5HVHDUFK3URFHGLD ,QWHUQDWLRQDO6\PSRVLXPRQ(QKDQFLQJ+LJKZD\3HUIRUPDQFH%HUOLQ



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